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TIMI G, DISTRIBUTION, AND ABUNDANCE OF KOKANEES
SPAWNING IN A LAKE TAHOE TRIBUTARY
David A. Beauchamp', Phaedra E. BudY", Brant C. Allen",
and Jeffrey M. Godfrey'
ABSTRACT.-We counted kokanee spawners and carcasses every 1-7 days from mid-September through mid·
November in 1991 and 1992 in Taylor Creek, a tributary to Lake Tahoe, California-Nevada. Less than 1% of the spawning run entered Taylor Creek before flow from Fallen Leaf Lake was increased on 2 October 1991; in 1992 the peak
occurred on 30 September or I October after flows increased on 29 September. In both years spawners concentrated in
the middle three of five stream reaches below the impassable Fallen Leaf Lake dam. From tag-and-recovery experiments, the average longevity of male spawners in the stream was 3.5 days in 1991 and 2.8 days in 1992, whereas the
avercige female longevity was 2.0 days in 1991 and 2.3 days in 1992. ObielVed carcasses accounted for less than 10% of
spawners counted, suggesting removal by scavengers or high predation on prespawners. An estimated 1928 males and
1309 females spawned in 1991. and 8021 males and 8712 females spawned in 1992. Our estimate of 3237 spawners in
1991 compared favorably to our estimate of 3520 ± 1474 prespawners staging in Lake Tahoe in mid-September. An
index. ofkokanee abundance in Ulke Tahoe has historically been based on I-day surveys every 1 November since 1960;
however, estimated total spawner abundance was 19 times higher than the annual index of 158 spawners in 1991, and
141 times higher than the inde:( count of 100 spawners in 1992. The index count and mean fork lengths of spawners (278
± 10 mm [2 SE] for males, and 248 + 3 nun for females) in 1991 and 1992 were the lowest on record.

Kokanee salmon (Oncorhyru;hus nerka) represent an impertant food source for lake trout
(Soloelinus namaycu8h) (Frantz and Cordone
1970) and overwintering Bald Eagles (Haliaeetus leucocephalus) (U.S. Forest Service [USFS]
1979), are important zooplanktivores, and provide a valuable sport fishery in Lake Tahoe
(Cordone et al. 1971). Despite these prominent recreational and ecological roles, little is
known of the survival or abundance of this
population. The long-term record consists of
I-day spawner surveys of Taylor Creek on or
near 1 ovember every year, and this has
served as an index of abundance. Population
trends have been inferred from these data, hut
the relationship of tIlis index to actual abundance has not been evaluated. Inlerannual differences in run-timing could violale tile critical assumption that these annual spawner
counts represent some constant, but unknown,
fraction of the total run size. Therefore, the
purpose of this study was to estimate absolute
abundance of spawners, compare annual 1
November index counts to absolute abun-

dance estimates, and determine whether
index counts represented a constant fraction of
the total spawning population among years. If
the index count proves inadequate, then some
improved, but streamlined, monitoring program
should replace it. Therefore we also examined
whether, over the spawning season in Taylor
Creek, changes occurred in the sex ratio or
distribution of spawners among reaches. Temporal changes in eitller of tIlese could bias
population estimates and must be accounted
for in the design of future kokanee spawning
surveys.
STUDY SITE

Kokanees were originally introduced into
tile lake in 1944, but tile population remained
small until 1960 when a pepnlar summer spert
fishery emerged (Cordone et al. 1971). Most
natnral reproduction occnrs in Taylor Creek,
hut tile popnlation has also been supplementedirregularly by stocking fry into tile creek or
fingerlings into various regions of the lake

IUIaf, Cooperalive Fish ~ Wildli£e RueardJ. Uolt, Department of fisheries and WildiifeJEoo!ogy Center, Utah State University, Login, Utah 843225210. The llJI.it wjointly spcm50lW by Utah State Ulli¥enity. U.S. Fish lind Wildlife Service. Utah Dividon o£Wi1d1ife ~ and lhe Wildlife MllfIageITlent

lrutltute.
t[)epartIne1>t of Fisheries and Wildlife, Utah State UlJi~ty. Logan, Utah S'322-5210.
3T.hoe R~h GroOJp. Box 633, Tahoe City, Califomia 9614S.
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(T. Frantz personal communication). Kokanees
spawn and die in Taylor Creek in autumn. The
eggs and alevins incubate in gravel redds until
spring, emerge and migrate to Lake Tahoe,
then reside in the lake 3-4 years before
spawning in the natal stream. Althongh annnal
discharge from Taylor Creek ranks only fonrth
among the lake tribntaries (Byron and Goldman 1989, USFS unpublished data), kokanees
spawn there because elevated autumn flows
have been maintained since 1959. USFS generally increases flow from the dam on Fallen
Leaf Lake (Fig. 1) in early October "to protect
and enhance the habitat for fish ... to insure
an adequate and increasing food supply for
wintering eagles" (USFS 1979). In general,
flows remain low during summer but are
increased during the first week in October to
provide adequate flows during spawning and
incubation periods. Additional spawning
occurs along the western and eastern shorelines and in several other tributaries, but these
represent a small fraction of the total kokanee
population (Cordone et al. 1971, B. Allen
unpublished data).
Taylor Creek flows 2.6 km from a controlled dam on Fallen Leaf Lake through a
forested valley into the southwest corner of
Lake Tahoe (Fig. 1). We divided the stream
into five survey sections, based on gradient
differences, between the mouth and base of
the dam to determine spatial distribution of
kokanees during the spawning season (Table
1, Fig. 1). From the mouth of Taylor Creek, the
lake bottom slopes gradually to 6 m deep
about 0.4 km offshore, then drops steeply to
30 m deep approximately 0.6 km offshore. The
lake bottom is much steeper near the mouth
of Cascade Creek (deeper than 60 m within
100 m of shore) approximately 2.2 km northwest of Taylor Creek (Fig. 1). During the 1991
and 1992 spawning seasons, the lake level was
2 m lower than normal and 0.3 m below its
natural rim due to six years of drought; this
did not block spawners' access into the stream.
METHODS
We monitored the relative abundance of
kokanees staging offshore in Lake Tahoe prior
to and during the spawning season using
scuba surveys, echosounding, and underwater
video with a remotely operated vehicle (ROY;
see Beauchamp et al. 1992). We searched the
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Fig.!. Map of southwestern Lake Tahoe (the dashed
box inside the inset), showing lake bathymetry near Taylor and Cascade creeks, California. Locations of stream
sections in Taylor Creek between Fallen Leaf Lake and
Lake Tahoe during the 1991 spawning season are numbered. The viewing chamber at the USFS Interpretive
Center, Cascade Lake, and Emerald Bay are indicated.

lake from shore to 30 m deep for the 2.2 km
between Taylor and Cascade creeks, and the
area within a 200-m radius of the creek
mouths (Fig. 1). Although we infrequently
searched other streams and shoreline areas
reported to have spawning activity in past
years, we found no spawners or carcasses in
either year. A school of adult kokanee was
videotaped offshore Cascade Creek on 12
September 1991. The tape was later rerun as a
series of freeze frames. Each frame was divided into 16 vertical strips (25 mm wide by 295
mm long), marked on the monitor, and kokanees were counted within each strip. Each
frame sampled different segments of the
school. The school was further stratified into
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low- and high-density regions, and mean density and standard deviation of kokanees were
estimated from the strips in each region; mean
densities were then multiplied by the total
number of low- and high-density strips, and
products were summed to estimate the total
number in the school.
In 1991 we surveyed all reaches of Taylor
Creek weekly from 17 September to 19
November, recording the number of salmon in
each section that were alive or dead, male or
female, A weir, installed 40 m upstream of the
lake on 16 October 1991 to capture spawners,
was opened 2 days later because oflow catches, It was closed again on 28 October, and in
one night it trapped sufficient spawners for
tagging in a tag-anci-recover estimate of
longevity in the stream.
In 1992 USFS personnel first reported
spawners in Taylor Creek on 24 September,
Tahoe Research Group or USFS personnel
counted spawners in sections 1 and 2 twice
during the first week of the spawning fun.
Since counts in section 2 represented at least
half the spawners during the early part of the
run, we doubled these counts to approximate
total number of spawners in the stream on
days of the counts, We surveyed all reaches of
Taylor Creek either daily or every other day
from 1 October to 4 November, Numbers of
spawners during intervening days were estimated by linear interpolation,
To estimate the total spawning escapement
of males and females into Taylor Creek, we
used the relationship:
T

IN

"
N, = '-=-"
i = 1

J

D,
J

where Nj = total abundance of sex j, N ij =
number of sexj spawners counted (or interpolated) on day i, T is the total number of days in
the spawning season, and D· is the average
gender-specific longevity (in days) after entering the stream.
We estimated average gender-specific
longevity, D" under controlled and natural
conditions. First, five males and five females
were trapped at the mouth of Taylor Creek
overnight on 28-29 October 1991, tagged with
orange dart tags, and released into the stream
profile viewing chamber at the USFS Inter-

TABLE 1. Lengths and gradients of the stream sections
surveyed for spawning kokanee salmon in Taylor Creek,
the major spawning tributary to Lake Tahoe, CaliforniaNevada (estimated from USGS 7.5 minute topographic
map).
Section

Length (m)

Gradient

I

290
550
660
660
620

0.3%
0.9%
3.0%
1.9%
1.0%

2
3
4

5

pretive Center (Fig, 1), USFS personnel also
moved additional untagged kokanee salmon
into the viewing chamber periodically, By
observing behavior, relative health, and mortality of tagged and untagged spawners in the
viewing chamber, we concluded that tags had
no apparent detrimental effect, and no tags
were lost. \V'e surveyed the stream and chamber every 1-3 days until all tagged fish had
died, We obtained a second estimate of
longevity using the same procedure on
untagged spawners in the chamber during two
periods when distinct groups of spawners
could be tracked over time, Finally, to estimate average longevity in the stream, we
tagged and released 38 males and 21 females
upstream of the weir at dusk on 29 October
1991. High winds and dense floating leaf litter
prevented an adequate survey in the stream
on the day after the tag release; few tagged
fish remained in the stream when conditions
finally permitted a survey 2 days later,
We repeated the tagging experiment in
Taylor Creek in 1992, Thirty-nine females and
5 males were captured overnight in a fyke net
set at the mouth of the stream on 15 October,
Each fish was anesthetized with MS-222,
sexed, weighed, measured, and given two tags
on the right side below the posterior insertion
of the dorsal fin, Fish were allowed 8 h to
recover, then were released upstream. One
male died during the holding period, and 2
females were eaten by gulls (species unknown) before they could swim to cover
upstream, Thus, 4 males and 37 females
remained. The remaining fish were counted in
the stream on 16-19, 22-23, 25, 27, 29, and 30
October, A male and female each lost one of
their two tags while still alive in the stream,
Average longevity, Dr for eacb study group
was computed using time-density (both years)
and regression (1991 only) approaches, In the
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time-density estimate, the number nf live
spawners from each group was counted on
every survey day uutil all were dead. We estimated counts between survey dates by linear
interpolation. For each sex, daily counts were
summed (tntal spawner days) and divided by
the initial number released to estimate the
average number of days Dj individuals survived in the stream. Regressions were computed for the percentage of tagged males and
females (and the two untagged groups in the
viewing chamber) sunfiving as a function of
time. The resulting equations were solved for
number of days until swvival equaled 50% to
estimate Dj
RESULTS

In 1991 kokanees staged in one large prespawning aggregation off the mouth of Cascade
Creek. The creek is inaccessible to spawners
due to an extremely high gradient and low
autuITUl flows. The aggregation concentrated
in a dense, 2-3-m-high band 3-10 m offshore
from where the metalimnion (~'13 m deep in
10-11 0c) intersects the steeply sloping lake
bottom. From video samples we estimated
that the aggregation contained 3520 ± 1474
(mean ± SD) mature (red-colored) kokanees.
No other aggregations were found closer to
Taylor Creek at any time throughout the season.
In 1991 only 8-29 spawners were counted
per day in Taylor Creek during the last two
weeks of September; the major portion of the
run began after stream flows were increased
(from 4 cfs to 8-9 cfs) on 2 October, peaked at
600 spawners on 14 October, and declined
until only 14 live fish remained on 12 November (Fig. 2). All spawners and carcasses disappeared between 14 October and 18 October, 2
days after the weir was installed, but daily
counts exceeded 400 spawners in the
descending limb of the run after upstream
access was reinstated on 18 October (Fig. 3).
The run was larger and peaked earlier in
1992 (Fig. 2). The largest number of spawners
was counted on 1 October. We might have
missed the actual peak, but spawner counts in
section 2 on 27 and 29 September were
5(}-75% smaller than on 1 October. Maximum
densities probably occurred on 30 September
or 1 October, and sensitivity analysis of likely
alternatives indicated that errors would at
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most increase our abundance estimate by only
1000 fisb (a 6% underestimate).
Stream sections 2, 3, and 4 were the most
heavily used reaches both years, whereas section 1 was lightly occupied (Fig. 3). No fish
were ever seen in section 5 in 1991, but nearly
100 spawners were counted there throughout
the 1992 season (Fig. 3). Proportional allocation of spawners among sections was relatively
constant during both years. Tempordl distribution of live and dead fish indicated little or no
spawning in section 1. Only live males and

carcasses of both sexes were found there.
mostly during the first half of the run (Fig. 3).
Since kokanees die after spawning, live fish
should be replaced py an equal number of carcasses, but carcass counts could account for
only 5-10% of the number expected from
declines in daily spawner counts. In three surveys divers found only 3-17 carcasses on the
lake bottom within 200 m of the creek mouth.
Few carcasses were washed down to the weir
in 1991. Thus, emigration of spawned-out fish
and Bushing of carcasses could not account for
the d.iscrepancy between declining spawner
counts and carcasses.
Male kokanees lived longer in the stream
than females (Table 2). Consequently, males
would appear more abundant because of accumulalion over a longer period. In 1991 one
tagged male lived in the stream for 14 days,
whereas none of 21 tagged females remained
after the first 3 days. Since we did not know
when females disappeared over tbat 3-day
period. we assumed a conservative linear
decline to zero on the tbird day. [n 1991,
counts and linear interpolations summed to
132.0 total spawner days for the 38 tagged
males; thus, males lived an average 3.5 days in
the stream (Table 2). Similar analyses yielded
longevity estimates of 2.0 days per female in
[991, 2.3 days per female in [992, and 2.8
days per male in 1992 (Table 2).
Longevity estimates differed between sexes
and among groups in the viewing chamber
and stream in 1991. Exponential regressions
of survival as a function of time in the chamber were significant for tagged males (r =
.917, P < .05), untagged males (r = .918, P <
.05), tagged females (r = .867, P < .05), and
untagged females (r = .972, P < .05). Resulting longevity eslimates were 8.3 days for
tagged males, 7.5 days for tagged females, 4.4
days for untagged males, and 3.3 days for
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untagged females. However, these longevities
were not consistent with the rapid disappearance of spawners between 14 and 18 October,
following closure of the weir on 16 October
(Fig. 2), suggesting that longevity was shorter
than indicated by the chamber survival experiment. In contrast to spawners in the stream,
tagged and untagged fIsh in the chamber were

passive, rarely displaying spawning or aggressive behavior. Using the exponential model for
tagged males released upstream in 1991 (r
.831, P < .10) resulted in an average longevity
of 3.0 days, compared to the time-density estimate of 3.5 days in Table 2. Although the
exponential model accounted for 69% of the
variability in survival over time. it was not
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TABLE 2. Time-density estimates of longevity from 1991 and 1992 in-rtream tagging experiments (mean days !>-p3wners survived) with male and female kokanees.

Tagged males
Actll3.1
Date

tag
counts

Tagged females

Actual and
interpolated
spawner days

Actual
lag
COunts

Actual and
interp>Jatcd
spawner days

1991
290cl
30 Del

38

31 Oct
01 Nov
02 Nov
03 Nov
04 Nov
05 Nov
06 Nov

7

5

u7Nov

os Nov
09 Nov
10 Nov
11 Nov

1

12 Nov
13 Nov

a

Total tagged spawner days
Number of tags relea~
Average longevity (days)

38.0
27.7
17.3
7.0
6.5
6.0
5.5
5.0
4.4
3.9
3.3
2.7
2.1
1.6
1.0
0.0

21
0

a

a
0

21.0
14.0
7.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

132.0

42.0

38

21
2.0

3.5

1992
15 Oct
16 Oct
17 Oct
18 Oct
19 Oct
20 Oct
21 Oct

4

220cl
230cl

[

0

24 Oct
25 Oct

a

260cl
270cl

0

[

1
1
[
[

[

28 Oct

290cl

30Oc,
Tot'.tl tagged spawner days
Number of tags released
Average longevity (days)

0

4.0
1.0
1.0
1.0
l.0
l.0
l.0
l.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
[l.0
4.0
2.8

statistically significant (P > .05). All longevity
estimates from the chamber and stream experiments were comparable to other spawning
populations of kokanee and sockeye salmon in
North America (Table 3), but estimates from
lagged fish in the stream were consistent with
the disappearance of spawners between 14
and 18 October 1991 and best represented the
natural condition in Taylor Creek. For males
in 1991 the regression method yielded a 20%
higher population estimate than did the timedensity method.

37
6
G
6

6
4

3
2
1

a

a

37.0
G.O
6.0
6.0
6.0
5.3
4.7
4.0
3.0
2.5
2.0
l.5
l.0
0.5
0.0
0.0
1l5.5

37.0
2.3

Time-density estimates of gender-specific
longevities were combined with stream survey
data, using equation I, to estimate total
spawning populations in Taylor Creek in 1991
and 1992: 1788 male and 1200 female spaWDers in 1991, and 6927 males and 7167 females
in 1992. The total population estimate of 2988
spawners in 1991 was 19 times higher than
the annual index survey count of 158, and the
1992 estimate of 14,094 spawners was 141
times higher than the index count of 100. The
1991 estimate of 2988 compared favorably to
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TAlllE 3. Mean spawning ground longevities from different North American populations of kokanees and sockeye

salmon.
Longevity (days)

Population/l..ocation

Karluk Lake

Brooks Lake
Wood River Lakes
Pick Creek
Kvichak Lake
Taylor Creek males
Taylor Creek females
Viewing chamber males
Viewing chamber females
Viewing chamber males
Viewing chamber females

Reference

7.0
3.0
1.0

Gangmark and Fulton 1952
Eicher 1951

:>-s

Mathisen 1955
Hartman 1959
this study, from tagged fish in the stream

7.6
2.8-3.5
2.0-2.3
8.3
7.5
4.4

3.3

our video estimate of 3520 + 1474 prespawners aggregated near Cascade Creek in midSeptember.
Spawning runs in 1991 and 1992 were the
smallest on record, as were the mean bndy
lengths of spawners (Fig. 4). Males were larger
than females in both years, but the size range
of males was much narrower in 1992 than in
1991 and previous years (Fig. 5).
DISCUSSION

Although 1991 and 1992 spawning populations were the smallest on record, estimates of
their timing, abundance, and distribution will
be very useful. An important finding was the
variability and degree to which the 1 November spawning index surveys underestimated
actual spawner abundance. Short spawner
longevity caused much higher turnover than
was previously believed and resulted in population estimates that were orders of magnitude
higher than indicated by a single snapshot of
the population. Since daily abundance
changed over time, timing of the index survey
relative to its position on the abundance curve
(and the shape of the curve) is important to
the consistency and accuracy of the index. The
index represented 5% of the total run in 1991,
but only 0.7% in 1992. In both years the 1
ovember index counts were made near the
end of the runs (Fig. 2), and peaks for the 2
years differed by 2 weeks.
An index survey should be conducted at or
near the peak of the run for several reasons.
First, during peak spawning the sex ratio
observed from one survey is closer to the
actual sex ratio of the whole run. Second,
counts near the peak capture a higher percentage of the total run. Counts during the

Mathisen 1955

this study, &om tagged fish in the stream
this study. tagged fish
this study, tagged fish
th~ study, untagged Ilsh
this study, untagged fish

peaks in 1991 and 1992 represented 14-20%
of the total run; thus, an eXl'ansion factor of
5-7 times an index count during peak spawning could estimate total run size. In contrast,
the 1 November index counts would have
required expansion factors of 19-141; the
magnitude and volatility of these latter factors
severely compromise accuracy, precision, and
thus the utility of the 1 November index.
Third, variation among daily counts was lower
near the spawning peak: the slope of the curve
was relatively flat near the peak but became
steep 1 week later. Consistency of the index,
as some range of fractions of the total population, would have improved had index counts
occurred near the peaks in 1991 and 1992. If
three index surveys were made on 1, 8, and 15
October, the largest of these spawner counts
should represent 14-20% of the total spawner
abundance. If only one survey is performed,
we suggest that it occur on 8 October every
year.
The total spawner estimate depended on
counts every 1-8 days and nn estimates of
longevity. The latter was more difficult to estimate with certainty. Since Dj appears in the
denominator of the population estimator, the
shorter the longevity, the greater the population estimate. Survival rates in the viewing
chamber were higher for tagged than
untagged fish, and those in the viewing chamber generally lived longer than those in the
stream. Some untagged fish might have been
in the stream for one or more days before
transfer to the chamber, potentially causing an
underestimate of longevity. Normal spawning
activity and aggression were infrequent in the
chamber, and these fish might have lived
longer due to lower energy expenditures and
stress than was experienced in the stream.
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Mathisen (1955) reported that spawuing
females performed digging activities at least
once per minute, and that males actively
defended females. These activities would presumably burn the spawners' remaining energy
reserves much faster than the activity
observed in the viewing chamber.
Disappearance of all spawners in the

stream between the peak of the 1991 run on
14 October and 18 October, 2 days after a weir
blocked passage, suggested a faster turnover
rate for spawners in the stream than was estimated from the viewing chamber experiment.
An overestimate of longevity causes an underestimate of total abundance, and we consider
the estimates derived from viewing chamber
experiments to represent maxima of longevity
and result in minimum estimates of spawner
abundance.

The spawning population of kokanee
salmon in Taylor Creek was extremely low in

1991. The annual index count on 1 November
was 158 compared to counts of 3000-49,000
on similar dates during 1985-90. Index counts
for the parents of the 1991 run (1987 for 4-yrolds or 1988 for 3-yr-olds) were the largest
(44,000-49,000) on record for Taylor Creek.
The 1987-88 brood populations were supplemented with 590,000-850,000 fry stocked in

1984 and 1985 (Russ Wickwire, California
Department of Fish and Game, Tahoe City,
California, unpublished data). Reasons for the
failure of these large brood years to produce
large numbers of recruits are unknown and

will require further study.
The magnitude of the historical index's
underestimate of abundance has several

important implications. Morgan et al. (1978)
published a preliminary spawner-recruit relationship, based on annual index counts, and

suggested that sustainable population levels
dropped from 15,000 to 7000 spawners due to
declines in their cladoceran prey. Although
the direction and relative change in the sustainable population may be correct, actual
abundance of spawners (and recruits) was
severely underestimated because uncorrected
index counts were used instead of estimates of
absolute abundance. If a consistent relation-

ship could be found between index counts and
absolute abundance, then historical data could
be adjusted and compared with contemporary

data.
Taylor Creek supports most of the natural
reproduction (>90%) in Lake Tahoe, but the
relative contribution of other spawning areas

to the lake population needs further examination. Because of severe drought conditions
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Fig. 5. Length frequency histograms for male and female spawners trapped at the mouth of Taylor Creek. California,
in October 1991 (top) and 1992 (bottom).

during this study, most other streams were
inaccessible to spawners due to Jow flow.
Moreover, the 2-m drop in lake level reduced
the submerged gravel habitat for shore spawners by 80% (Beauchamp et al. 1994). Absence
of shore spawners could be attributed either
to low overall abundance (and our inability to
detect low numbers of spawners) or to low
lake levels.

Spawners concentrated in the middle three
sections of Taylor Creek. Given the low abundance of spawners, this distribution probably
indicated preferred spawning reaches since
competition for redd sites was low. Only low
numbers of live males and carcasses of both
sexes were found in the first reach, particularly during the first half of the run. Slower current in this section offered a "first stop" for

140

[Volume 54

GREAT BASIN NATURALIST

new spawners and a place for carcasses to settle, but slow current and fine substrate provided inferior spawning habitat (Parsons and
Hubert 1988).
High turnover rate of spawners and low
(5-10%) percentage of carcasses obsen'ed, relative to the number expected, suggested a
high demand for carcasses and perhaps for living prespawners by scavengers and predators.
Cederholm et a1. (1989) found that most coho
salmon (Oncorhynchus kisutch) carcasses were
retained by low-gradient streams and the
adjoining forest, that few were flushed very
far «600 m) downstream, and that most
(88%) carcasses removed from the stream
remained VI~thin 15 m of the bank. They noted
further that carcass retention was correlated
positively with organic debris load and negatively with carnivore scavenging; they presented a list of 22 birds and mammals that
consume carcasses. Since stream flows are
regulated at relatively low discharge rates
throughout the spawning season, "missing"
carcasses were probably not washed out of the
stream. This assumption was supported by the
low number of carcasses washed against the
weir or along the lake bottom in the vicinity of
Taylor Creek. The concern here is that predators might remove large quantities of kokanees before they spawn and die naturally. This
could be exacerbated when run sizes arc low.
because scavengers, prompted by the lack of
carcasses, might pursue live salmon. Small
spawning runs would suffer an additional burden of depensatory mortality that would accelerate the decline of the pepulation. This disappearance of care-asses has important implications for temporal and spatial nutrient
cycling of carcasses (Richey et aI. 1975) and
for mproductive potential of kokanees in Lake
Tahoe.
The combination of record low body size
and index counts for Taylor Creek spawners in
1991 and 1992 is puzzling. Abundance could
be affected by parental abundance and mortality in either Taylor Creek or Lake Tahoe, but
since all feeding occurs in the lake, growth
can only be affected by in-lake processes.
When kokanee abundance is low, densitydependent growth should produce larger
spawners (Rieman and Myers 1992), but we
observed the opposite. These (,'Ounterintuitive
results suggest that complex trophic interac·
tions are occurring in the lake and will require

careful study to identify processes that are
important to kokanee productivity. Since
fecundity increases with female body size
(Foerster 1968), depressed growth and low
population densities could severely hamper
the population's ability to rebonnd naturally,
because fewer females are each producing
fewer eggs.
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